Introduction
Low molecular weight gelators (LMWGs), which are organized by non-covalent interactions such as hydrogen bonding, p-p interactions, van der Waals forces and dipole-dipole interactions, have shown promise for use in many elds, 1-8 including molecular electronics, drug delivery, light harvesting and energy transfer and tissue engineering. Parallel to the growing interest in the development of organogels, there has also been an increasing interest in the investigation of transition-metal complexes as metallogelators, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] especially platinum(II) complexes. As a famous transition-metal complex, square-planar platinum(II) polypyridine complexes possess diverse excited states, high-emission quantum yields, and long triplet excited-state lifetimes, which have demonstrated promise for various potential applications, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] including photocatalysis, optical sensors, electron transfer, photochromism and so on. Especially, beneting from intermolecular metal-metal (Pt/Pt) and p-p stacking interactions, the complexes have a strong tendency to self-assemble into highly ordered linear chains or oligomeric structures.
31-36
Yam and Ziessel's group rstly demonstrated that alkynylplatinum(II) terpyridyl complexes are capable of forming stable metallogels and showed drastic color changes during the gel-tosol phase transition. 37, 38 Che and coworkers reported a dicationic platinum(II) terpyridyl complex which can form phosphorescent organogels in acetonitrile or in a mixture of acetonitrile and alcohol. 39 Yam and coworkers developed a series of alkynylplatinum(II) complexes which were found to show strong luminescence enhancement upon a gel-to-sol phase transition upon increasing the temperature. 40 De Cola and coworkers developed a straightforward strategy to obtain a new class of platinum(II) complex by using 2,6-bis(tetrazol-5-yl)pyridine with particular photophysical properties owing to the formation of self-assembled gels. 41, 42 Tu and coworkers established a method for the visual chiral recognition of (R)-and (S)-binap through an enantiocontrolled breakdown of gels prepared from novel aromatic-linker-steroidal (ALS) type platinum(II) pincer metallogelators. 43 Very recently, Yi and coworkers designed and synthesized three alkynylplatinum(II) bipyridyl complexes with two cholesterol groups via alkyl chains and amido bonds, which can self-assemble to gel networks with a well-dened right-handed helical structure.
44
In order to further investigate the effect of metal-metal (Pt/ Pt) and p-p stacking interactions in the self-assembly process of metallogels in organic solvents, herein, we designed and synthesized new type of binuclear alkynylplatinum(II) terpyridyl complexes with exible bridges (-O(CH 2 ) n O, n ¼ 4 or 6), which were characterized by 1 H NMR, mass spectra and elemental analysis. The aromatic platinum(II) unit serves as chromophore, the long alkyl chains were selected as versatile gel-forming segments. Moreover, the amide groups, and binuclear platinum(II) complexes were readily introduced to examine the roles and extent of the metal-metal (Pt/Pt) and p-p stacking interactions among the platinum(II) cores, the hydrogen bonding and the van der Waals forces among the amide groups and long alkyl chains as well. It is anticipated that with the cooperative multiple intermolecular interactions, such compounds can self-assemble into long bers in organic solvents and entangle further to form gels. This expectation was found indeed to be the case. According to the different length of the exible bridges, 1a can gel aromatic solvents such as benzene, toluene and aniline, while 1b can not only gel aromatic solvents such as benzene, toluene and aniline, but also gel other solvents such as butanol, pentanol, heptane, and 1,2-epoxypropane.
Experimental

Materials
Unless specically mentioned, all chemicals are commercially available and were used as received. Fourier transform infrared (FT-IR) spectra of xerogels were measured at room temperature using a Varian Excalibur 3100 spectrometer. Xerogels were prepared by casting gels of toluene onto a KBr plate, and dried in the air. Field emission scanning electron microscopy (FESEM) images were obtained on a HITA-CHI S-4300 instrument operating at 10 kV with Au coated. Samples for FESEM measurement were prepared by wiping a small amount of gel onto a silicon wafer followed by naturally evaporating the solvent. Gels in toluene were coated on a glass plate and the solvent was slowly evaporated at room temperature. Then the glass plates with dried gels were xed on a sample holder and subjected to X-ray diffraction (XRD) analysis at room temperature on Bruker D8 Focus. XRD patterns were recorded at scanning rate of 2 min À1 in the 2q range of 5
to 60 with Cu-Ka radiation (l ¼ 1.54178Å).
Synthesis and characterization
Synthesis of compound 2. To a stirred suspension of powdered KOH (0.5 g, 8.93 mmol) in dry dimethyl sulfoxide (DMSO) (20 mL) at 80 C, 1,6-hexanediol (0.11 g, 0.93 mmol) or 1,4-butanediol (0.08 g, 0.89 mmol) was added. Aer 30 min, 4 0 -chloro-2,2 0 :6 0 ,2 00 -terpyridine was added (0.5 g, 1.87 mmol) and the mixture was stirred for 4 h at 60 C and then poured into 200 mL of distilled water. The aqueous phase was extracted with CH 2 Cl 2 (3 Â 100 mL). The combined organic phases were dried over Na 2 SO 4 and evaporated in vacuo to dryness. General synthetic procedures for 1a and 1b. A mixture of dodecyloxy-terminal alkyne (300 mg, 0.36 mmol), 3 (200 mg, 0.18 mmol), CuI (10 mg), dimethylformamide (DMF) (3 mL) and triethylamine (TEA) (6 mL) was sonicated under nitrogen for 8 h. Thereaer, excess diethyl ether was added into the mixture and the product was ltered off and washed with water and diethyl ether. Subsequent recrystallisation by diffusion of diethyl ether vapour into a solution of the product in acetonitrile gave 1 as a brown red solid.
1a. (0.31 g, 0.11 mmol, 62% 
Gelation test
The formation of metallogels was evaluated using a tube inversion method. A weighed amount of the compound in a selected solvent (0.5 mL) was placed in a glass vial, which was sealed and heated until the compound was dissolved. Aer the solution was allowed to stand at room temperature for about 12 h, the state of the solution was examined by the "stable to inversion of a test tube" method. The reversibility of the gelation was conrmed by repeated heating and cooling. The critical gelation concentration (CGC) was determined from the minimum amount of gelator required for the formation of gel at room temperature. All experiments for CGC-determinations were run three times for reliable data. If no ow was observed when inverting the vial, a stable gel was formed and noted as gelation (G). If part of the mixture formed a gel but ow was still observed, the phenomenon was recorded as partial gel (PG). If precipitation occurred, P was noted, and if the clear solution was retained, it was marked as soluble (S). If the compound was unable to dissolve, it was noted as insoluble (I).
Results and discussion
The synthesis of new gelators based on platinum(II) complexes 1a and 1b were accomplished in high yields by using the Sonogashira reaction (Scheme 1). The starting compound 4 0 -chloro-2,2 0 :6 0 ,2 00 -terpyridine was directly reacted with 1,6-hexanediol (0.11 g, 0.93 mmol) or 1,4-butanediol with the aid of KOH in DMSO, to give 2a and 2b. Aer reuxing with K 2 PtCl 4 in the mixture solvents of acetonitrile and water, 3a and 3b were obtained through recrystallization by diffusion of diethyl ether vapor into a solution of the product in acetonitrile. Then 3a and 3b were reacted with dodecyloxy-terminal alkyne in the presence of TEA in DMF under typical Sonogashira reaction conditions to produce target compounds 1a and 1b, which were identied by 1 H NMR, electrospray ionization mass spectrometry (ESI MS), and satisfactory elemental analysis. As shown in Fig. 1 , the UV-vis absorption spectra of 1a and 1b in DMSO showed a typical metal-to-ligand charge transfer (MLCT) [dp(Pt)-p*(terpy)] band with a maximum at 475 nm and In order to further conrm the formation of gels, the rheological measurements of 1a and 1b in toluene were carried out as shown in Fig. 2 . Both the samples of gel 1a and gel 1b in toluene were deformed sinusoidally with frequency f to give the elastic modulus (G 0 ) and viscous modulus (G 00 ). Meanwhile, the G 0 values of the samples were basically invariant with the frequencies, and the G 0 values exceeded G 00 values over the entire range of frequencies in samples of gel 1a and gel 1b. The gelation ability of compound 1a and 1b was examined in various solvents by means of the "stable to inversion of a test tube" method. The corresponding critical gelation concentrations (CGC) at room temperature were also measured. As shown in Table 1 and Fig. 3, compound 1a can gel aromatic solvents such as benzene, toluene and aniline; while compound 1b can not only gel aromatic solvents but also butanol, petanol, 1,2-epoxypropane and heptane through the extension of the exible bridges. These gels were found to be stable in closed tubes for at least 3 months at 25 C. The better gelation for aromatic solvents relative to the hydrocarbon or halogenated hydrocarbons is probably due to the enhancement of p-p interactions in aromatic solvents.
3
The morphology of xerogels obtained from different solvents was characterized by eld emission scanning electron microscopy (FESEM) by evaporating the solvent at ambient under identical conditions. For 1a in benzene, due to the serious fusion of the bers during the evaporation of the solvent, there is no obvious brous structures even under high magnication (Fig. 4b and c) . In the case of aniline, the xerogels exhibited a closely packed three-dimensional (3D) network structure, which was composed of uniform bers with diameter about 60 nm extending over micrometers (Fig. 4d and e) . As for toluene for 1a, a similar brous structures consisted of highly entangled bers was also observed (Fig. 4f and g ). In 1,2-epoxypropane for 1b, a loose packed network composed of long and thick bers about 100 nm in diameter and even over several micrometers in length were observed (Fig. 5b and c) . The xerogels of 1b from butanol were consisted of highly entangled bers, which were much thinner and longer with some fusion (Fig. 5d and e) . In contrast, the xerogels derived from aromatic solvents such as benzene, aniline and toluene exhibited serious fusion of the bers only under high magnication ( Fig. 5f-i) .
The xerogels of 1b in heptane showed tightly packed and much thicker bers (Fig. 5l and m) .
The intermolecular hydrogen bonding between the amide groups was investigated by Fourier transform infrared (FT-IR) spectroscopy, which is an important tool for studying the different non-covalent interactions involved in gelation. As shown in Fig. 6a and b, compared to the non-hydrogen-bonding transmittance band of 1a and 1b in chloroform solution at ) and 1b (20 mg mL À1 ) in toluene. was observed in xerogels 1a and 1b. 48, 49 Meanwhile, the absorption bands of the asymmetric (v asym ) and symmetric (v sym ) CH 2 stretching vibrations of xerogels of 1a and 1b were observed at 2922 and 2854 cm À1 , which appear at a lower frequency, indicating a strong interaction between the alkyl chains (van der Waals interaction). 38 Additionally, the C]O stretching (v C]O ) and N-H bending (d N-H ) bands for the xerogels respectively shied to lower wavenumber at 1690 cm À1 and higher wavenumber at 1560 cm À1 which further conrmed the existence of hydrogen-bonding in the gel state.
36,37
To probe the roles of the terpyridyl platinum(II) units as well as van der Waals interaction between alkyl chains in the gelation process, the X-rays diffractions (XRD) of the xerogels 1a and 1b obtained from toluene was estimated ( Fig. 6c and d) . The broad reection peaks at $4.0Å for 1a and $4.2Å for 1b are related to the p-p stacking distance between the part of terpyridyl platinum(II) complexes. Moreover, the acute peaks at $3.08Å for 1a and $3.04Å for 1b are assigned to the metalmetal (Pt/Pt) and p-p stacking interactions of the terpyridyl platinum(II) complexes. 9, 50, 51 On the basis of FT-IR and XRD studies, it is clear that the cooperative interactions of the metalmetal (Pt/Pt) and p-p stacking interactions of the terpyridyl platinum(II) complexes, the hydrogen bonding and the van de Waals forces among the amide groups and long alkyl chains can self-assemble molecules of 1a and 1b into long bers in organic solvents and entangle further to form gels. Meanwhile, the temperature-dependent 1 H NMR spectra of 1a and 1b are also carried out as shown in Fig. S2 . † With temperature increasing to 80 C by 10 C steps, all of the signals in the 1 H NMR spectra became sharp and strong, along with the notable splitting, which further indicate the existence of non-covalent interactions between molecules.
Conclusions
In summary, we have designed and synthesized new type of binuclear alkynylplatinum(II) terpyridyl complexes bridged by exible chains (-O(CH 2 ) n O-, n ¼ 4 or 6). Beneting from the metal-metal (Pt/Pt) and p-p stacking interactions of platinum(II) complexes, hydrogen bonding interactions of amide groups, and van der Waals forces of the long alkyl chains, 1a and 1b can form stable metallogels through the entanglement of brous aggregates in several organic solvents. Moreover, the extension of the exible bridges has obvious effect to the formation of the metallogels. The longer of the chain length, the more solvents to form metallogels. The experimental study presented herein could have important potentials for the fabrication of metallogels based on platinum(II) complexes with the aid of the cooperative multiple intermolecular interactions.
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